INTRODUCTION
As is well known, fiber-reinforced composite materials are being successfully used in many engineering applications due to their outstanding engineering properties. This has led to an increase in the number of studies relevant to applications of composites in structures. However, most of the work done in the field of vibration of composites has been theoretical in nature. In this study, a set of differential equations governing the out-of-plane free vibration behavior of composite beams is presented. The transfer matrix method, which provides a strong mathematical tool for obtaining the exact numerical solution to one-dimensional structural problems, is utilized. An effective numerical algorithm /35/ is employed for the computation of the overall transfer matrix for purely out-ofplane (bending and torsional) free vibration analysis of composite beams.
FORMULATION OF THE PROBLEM
The following assumptions are employed in formulation: The relationship between the forces and 
For symmetric cross-ply laminates, the transformed reduced stiffness matrix, [Q], has just diagonal Qu =fC n S n +C n s n +C n S u )/S u ; ρ 22 
The off-axis elements for 90° are as follows /34/ (6) Before reduction for rods, three-dimensional body stress-strain relationship, σ-ε, is assumed to be of the following order:
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It may be noted that the present reduced stiffness matrix for rods includes the effect of τ, 3 which is commonly neglected for the beam analysis in which the reduced stiffness matrix for plates is used.
SOLUTION BY THE TRANSFER MATRIX METHOD
Representing the state vector by {Z}, equations (1) 
The solution of Equation (10) Numerical computation of the overall transfer matrix in a precise manner is a crucial question in the transfer matrix method. In order to be able to utilize a large number of terms in equation (13) as required for rigid systems, an effective numerical algorithm which is a strong tool for precise computation of the overall transfer matrix is employed /35/. In this algorithm, which can be applied to just uniaxial or symmetric crossply laminated composite rods, the following expression of /F/ is used instead of the standard solution of equation (13).
where O k (s) are functions of scalar infinite series in s. It may be noted that utilization of each term of the series <J* k (s) of equation (14) corresponds to 6 terms from the series described by equation (13) . The number of terms from the infinite series <P k (s) determines the accuracy of the solution. In Yildirim's algorithm, each term in <P k (s) series is expressed based on the computed value of the previous term. By doing this, numerous number of terms can be easily considered. In other words, the number of terms can be increased without any trouble to increase the accuracy of the solution for the dynamic problems of such beams. A detailed knowledge can be obtained from the Reference /35/. In cases of varying sections and properties along the beam axis, symmetric or unsymmetric angle-ply laminations, this algorithm cannot be used. However, it may be preferred to others when it is necessary to minimize the required time for the solution.
After computation of all 0 k (s) functions in an accurate manner, the frequency equation can be obtained from the boundary conditions given at both ends (s=0 and s=L) using equation (12) . The boundary conditions are given as follows: Clamped end:
T h =Mi=M n =0 . The natural frequency, ω, is then determined by setting the determinant of the coefficient matrix in the frequency equation equal to zero. Considering equations (3), (4), (5), and (6), it is concluded that Q u and Q 33 terms vary for fiber orientation of 90 "while the Q 2 2 term remains constant. However, all the elasticity terms in equation (3) will change for fiber orientation of 90 0 . Variations of the elements of reduced and transformed stiffness matrix of a laminate with the ratio of E t /E 2 in which E t is assumed to be 180Gpa are given in Figure 4 . Symmetric cross-ply composition of those laminates results in a decrease of the natural frequencies as seen in Figure 3 . 
NUMERICAL EXAMPLES AND DISCUSSION

